Abstract. We address the two main questions relevant to microscopic nuclear structure calculations starting from a free N N potential. These concern the accuracy of these kinds of calculations and the extent to which they depend on the potential used as input. Regarding the first question, we present some results obtained for nuclei around doubly magic 132 Sn and 208 Pb by making use of an effective interaction derived from the Bonn A potential. Comparison shows that our results are in very good agreement with the experimental data. As for the second question, we present the results obtained for the nucleus 134 Te by making use of four different N N potentials. They indicate that nuclear structure calculations may help in understanding the off-shell nature of the N N potential.
INTRODUCTION
The shell model is the basic framework for nuclear structure calculations in terms of nucleons. Since the early 1950s many hundreds of shell-model calculations have been carried out, most of them being very successful in describing a variety of nuclear structure phenomena. In any standard shell-model calculation one has to start by defining a model space, namely by specifying a set of active single-particle (s.p.) orbits. The choice of the model space is of course conditioned by the size of the matrices to be set up and diagonalized. The rapid increase in computer power and the development of high-quality codes in the last decade has greatly extended the feasibility of large-scale calculations [1] . While these technical improvements add to the practical value of the shell model, much uncertainty still exists for what concerns the model-space effective interaction V eff . In most of the existing calculations to date either empirical effective interaction containing several adjustable parameters have been used or the two-body matrix elements have been treated as free parameters, this latter approach being limited to small model spaces.
This uncertainty in shell model work can only be removed by taking a more fundamental approach, namely by deriving the effective interaction from the free nucleon-nucleon (N N ) potential. As is well known, the first step in this direction was taken in the mid 1960s by Kuo and Brown [2] who derived an s-d shell effective interaction from the Hamada-Johnston potential [3] . Since that time there has been substantial progress towards a microscopic approach to nuclear structure calculations starting from a free N N potential. On the one hand, high-quality N N potentials have been constructed which reproduce quite accurately all the known N N data. On the other hand, the many-body methods for calculating the matrix elements of the effective interaction have been largely improved. A review of modern N N potentials is given in Ref. [4] while the main aspects of the derivation of V eff are discussed in Ref. [5] . These improvements have brought about renewed interest in shell-model calculations with realistic effective interactions. In this context, the two crucial questions are: i) how accurate is an effective interaction derived from the N N potential? ii) to which extent can nuclear structure calculations distinguish between different N N potentials?
Recent calculations for nuclei in the 100 Sn and 132 Sn regions [6] [7] [8] [9] [10] [11] have achieved very good agreement with experiment indicating the ability of realistic effective interactions to provide a description of nuclear structure properties at least as accurate as that provided by traditional, empirical interactions. To our knowledge, no systematic investigation concerning the second question has been carried out thus far. The main interest in trying to answer this question stems from the fact that two potentials which fit equally well the N N data up to the inelastic threshold may differ substantially in their off-shell behavior. Thus, from microscopic nuclear structure calculations we may learn something about the off-shell properties of the nuclear potential.
The main aim of this paper is to report on some achievements of our current work relevant to both the above questions. Pb. In all of these calculations we have made use of a realistic effective interaction derived from the Bonn A free N N potential [12] . Then we shall present the results obtained for the two proton-nucleus 134 Te by making use of four different potentials, Paris [13] , Nijmegen93 [14] , Bonn A and CD Bonn [15] , which are all based on the meson theory of nuclear force.
We shall see that while the former study confirms what was learned from our previous calculations with the Bonn potential, the latter indicates a dependence of nuclear structure results on the kind of potential used as input.
OUTLINE OF CALCULATIONS
As already mentioned in the Introduction, for all the six nuclei considered in this paper we have employed an effective interaction derived from the Bonn A potential. For 134 Te we have also performed calculations employing three other effective interactions derived from the Paris, Nijmegen93 and CD Bonn potential, respectively. These effective interactions were all obtained using a G-matrix folded-diagram formalism, including renormalizations from both core polarization and folded diagrams. For the N = 82 isotones 134 Te, 135 I and 136 Xe we have considered 132 Sn as an inert core and let the valence protons occupy the five single-particle (s.p.) orbits 0g 7/2 , 1d 5/2 , 2s 1/2 , 1d 3/2 , and 0h 11/2 . For the Pb isotopes, we have treated neutrons as valence holes with respect to the 208 Pb closed core and included in the model space the six single-hole (s.h.) orbits 2p 1/2 , 1f 5/2 , 2p 3/2 , 0i 13/2 , 1f 7/2 , and 0h 9/2 . A description of the derivation of our V eff for the N = 82 isotones and for the Pb isotopes can be found in Refs. [16] and [17] , respectively. For the shell-model oscillator parameter hω we have used the value 7.88 MeV for the N = 82 isotones and 6.88 MeV for the Pb isotopes, as obtained from the relationshiphω = 45A
−2/3 for A= 132 and A= 208, respectively. As regards the s.p. energies, for the N = 82 isotones we have taken three s.p. spacings from the experimental spectrum of 133 Sb [18, 19] . In fact, the g 7/2 , d 5/2 , d 3/2 , and h 11/2 states can be associated with the ground state and the 0.962, 2.439 and 2.793 MeV excited levels, respectively. As for the s 1/2 state, its position has been determined by reproducing the experimental energy of the 1 2 + level at 2.15 MeV in 137 Cs. This yields the value ǫ s 1/2 = 2.8 MeV. Regarding the Pb isotopes, the s.h. energies have all been taken from the experimental spectrum of 207 Pb [20] . They are (in MeV) ǫ p 1/2 = 0, ǫ f 5/2 = 0.570, ǫ p 3/2 = 0.898, ǫ i 13/2 = 1.633, ǫ f 7/2 = 2.340, and ǫ h 9/2 = 3.414.
RESULTS
In Fig. 1 we report the experimental [21, 22] and theoretical spectra of the three-proton nucleus 135 I. As regards the two-proton nucleus 134 Te, the results obtained by using the Bonn A potential are to be found in Fig. 6 . The spectra of both these nuclei have already been presented in a previous paper [16] , where a detailed comparison between theory and experiment is made. In that paper we also reported the calculated E2 and E3 transition rates in 134 Te and compared them with the available experimental data. While we refer the reader for details to the above paper, we emphasize here the very good agreement between the calculated spectra and the experimental ones, as is shown by the value of the rms deviation σ [23], which are 106 keV and 58 keV for 134 Te and 135 I, respectively. The experimental [24] and calculated spectra of the four-proton nucleus 136 Xe are compared in Fig. 2 , where all the calculated and experimental levels up to about 2.5 MeV excitation energy are reported. Excluding the three states with J π = 3 + , 4 + , J π = (4 + ), and J π = 4 + at 2.13 , 2.46, and 2.56 MeV, respectively, each level in the observed spectrum can be unambiguously identified with a level predicted by the theory. The quantitative agreement between theory and experiment is quite satisfactory. In fact, a rather large discrepancy (248 keV) occurs only for the 0 + 2 state, the calculated excitation energies of all other states differing by less than 110 keV from the experimental values. The rms deviation relative to the eight identified excited states is 107 keV. As regards the three above mentioned states, for which we have not attempted to establish a correspondence between theory and experiment, a firm spin assignment to the levels at 2.13 and 2.46 MeV is needed to clarify the situation.
Let us now come to the Pb isotopes. The experimental [25] [26] [27] Figs. 3, 4 and 5, where we report all the calculated and experimental levels up to 2.5, 1.5 and 2.0 MeV, respectively. In the high-energy regions we only compare the calculated high-spin states with the observed ones. From Figs. 3-5 we see that a very good agreement with experiment is obtained for the low-energy spectra. In particular, in each of the three nuclei the theoretical level density reproduces remarkably well the experimental one. Note too that each state of a given J π in any of three calculated spectra has its experimental counterpart, with a few exceptions. In fact, as may be seen in Fig. 4 Fig. 5, lies at 2 .433 MeV. It should be mentioned, however, that the theory predicts four more 0 + states in the energy interval 2.2-2.6 MeV. Aside from these uncertainties, the agreement between calculated and experimental spectra is such as to allow us to identify experimental states with no firm or without spin-parity assignment. We have also calculated the electromagnetic properties for each of the three isotopes. For the sake of brevity we do not report these results in the present paper, but refer the reader to Ref. [17] , where a detailed comparison with the available experimental data is also made. We only mention here that a very good overall agreement is obtained.
As already mentioned in the Introduction, we are currently investigating the dependence of nuclear structure results on the N N potential used to derive the model space effective interaction. Here we present the results obtained for the nucleus 134 Te which provides a very good testing ground for this investigation. In fact, this nucleus has only two valence protons and thus offers the opportunity to test directly the matrix elements of the calculated effective interactions. Furthermore, all the s.p. energies, except ǫ s 1/2 , are known from experiment. The uncertainty in the position of the s 1 2 level, however, has practically no influence on the low-energy spectrum. In Fig. 6 we report the four theoretical spectra obtained by using the Paris, Nijmegen93, CD Bonn and Bonn A potentials together with the experimental one [28, 29] . We see that the best agreement with experiment is produced by the Bonn A effective interaction. The rms deviation σ is 106, 160, 211, and 346 keV for Bonn A, CD Bonn, Nijm93 and Paris, respectively. These results show that different N N potentials produce somewhat different nuclear structure results. Of course, the significance of these differences, which do not exceed 100 keV if we exclude the Paris potential, may be a matter of discussion. The following remark is, however, in order. The four potentials considered differ in the strength of the tensor-force component as measured by the predicted D-state probability of the deuteron P D . This is 4.4% for Bonn A, 4.83% for CD Bonn, 5.76% for Nijm93, and 5.8% for Paris. Our results suggest that potentials with a weak tensor force may lead to a better description of nuclear structure properties. This is quite an interesting point since differences in P D may in turn be traced to off-shell differences.
